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INTRODUCTION 
 
 
• This research program is aimed at evaluating different types of 
environment-induced degradation of candidate target materials 
for applications in transmutation of spent nuclear fuels (SNF). 
 
• Transmutation refers to the elimination of long-lived actinides and 
fission products from SNF. 
 
 
OBJECTIVES 
 
• Evaluate susceptibility of candidate target materials to stress 
corrosion cracking (SCC) and localized corrosion (pitting and 
crevice) in neutral and acidic aqueous environments at ambient 
and elevated temperatures 
 
• Determine the extent and morphology of cracking in tested 
materials as functions of experimental and environmental 
variables including pH, temperature, loading conditions and 
specimen geometry 
 
• Develop mechanistic understanding of degradations based on the 
experimental data 
 
 
 
MATERIAL / ENVIRONMENTS 
 
Material: 
 
• Type 422 stainless steel, quenched and tempered to achieve fully    
tempered martensitic microstructure 
• Type 422 stainless steel is a Fe-Cr-Ni-Mo-W high strength alloy 
 
Environments: 
 
• Simulated acidic water (SAW), pH = 6 – 7 
• Modified simulated acidic water (SAWM), pH = 2 – 3 
 
Temperatures: 
 
• Ambient 
• 90°C 
TYPES OF TESTING 
 
• Constant-load (CL) SCC testing of smooth tensile specimens 
using calibrated proof rings 
• Slow-strain-rate (SSR) SCC testing of smooth and notched tensile 
specimens at a strain rate of 3.3 * 10- 6 sec- 1 
• Cyclic potentiodynamic polarization (CPP) testing of small 
cylindrical specimens for evaluation of localized corrosion 
• Metallographic evaluation using optical microscopy 
• Fractographic evaluation using scanning electron microscopy (SEM)  
 
TEST EQUIPMENT  
 
 
 
 
 
 
 
RESULTS 
SSR Tests: 
 
• Reduced %reduction in area (%RA), %elongation (%El), time-to- 
failure (TTF) and true fracture stress (σf) were observed in smooth   
specimens. However, σf was enhanced in notched specimens in a 
similar environment (90°C acidic solution). 
• Both intergranular and transgranular cracks were observed at the 
primary fracture face in SEM studies. 
• Metallographic evaluations by optical microscopy revealed 
secondary cracks along the gage section, showing branching at 
the bottom of the crack. 
 
CL Tests: 
 
• Failure was observed in 90°c acidic solution at applied stresses up 
to 95% yield strength. No failure was observed in the neutral 
solution. Tests are ongoing in 90oC acidic solution at reduced 
applied stresses to determine the threshold stress for SCC (σth). 
 
CPP Tests: 
• The corrosion potential (Ecorr) became more active (-ve) with 
increasing temperature. Also, acidic pH produced more active Ecorr 
values. 
 
10.52
16.81
1.2851.485
1.61 1.515
16.73
19.05
0
5
10
15
20
25
0 50 100
Temperature (°C)
%
 E
lo
n
g
a
ti
o
n
47.92
26.63
50.8
1.284.125
8.465
5.06
55.39
0
10
20
30
40
50
60
0 50 100
Temperature (°C)
%
 R
ed
u
ct
io
n
 i
n
 A
re
a
Notched ,
Acid ic
Solut io n
Notched ,
Neutral
So lut io n
Smo o th,
Acid ic
Solut io n
Smo o th,
Neutral
So lut io n
117
174
204.92 181.88
196.03213.56
165
187
0
50
100
150
200
250
0 50 100
Temperature  (°C)
F
a
il
u
r
e
 S
tr
e
ss
 (
k
si
)
Effect of pH and Temperature on %RA, %El and σf for Type 422 Stainless Steel 
 
 
 
Tensile and Polarization Specimens: Before and after testing 
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                  SEM micrograph-Primary fracture face        Optical micrograph-Secondary crack (as polished) 
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